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Background: Although the short-term benefits of pulmonary rehabilitation (PR) are well estab-
lished, improvements in exercise tolerance and health status diminish over time. The objec-
tives of this study were to determine the feasibility and within-subject effects of a 1-year
community-based maintenance exercise program for patients with COPD following completion
of hospital-based PR.
Methods: A single-arm longitudinal study was undertaken. After completion of PR, consecutive
patients with COPD were recruited to attend a twice weekly exercise program supervised by
fitness consultants at a local community centre. The transition from hospital to the community
was facilitated by a case manager. Outcome measurements at baseline (pre-PR), post-PR,
6-months and 1-year included the 6-minute walk test (6MWT) for exercise capacity and the
Chronic Respiratory Questionnaire (CRQ) for health-related quality of life. Feasibility was
assessed primarily through subject adherence.
Results: A total of 29 patients (mean age 66.8  7.8 years, mean FEV1 45.1  18.8 percent pre-
dicted) were enrolled in the program. Mean compliance to twice weekly exercise was 70%. No
adverse events were reported. Statistically significant and clinically important improvements
in the 6MWT and CRQ total and dyspnea domain were observed at 6-months and 1-year after PR
compared to baseline (all p < 0.01).t of Physical Therapy, 160-500 University Avenue, Toronto, ON M5G 1V7, Canada. Tel.: þ1 416 978
nto.ca (D. Brooks).
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A novel approach to long-term respiratory care 1211Conclusions: A community-based maintenance exercise program is feasible and can success-
fully preserve exercise capacity and health-related quality of life following institutionally-
based PR in patients with moderate to severe COPD. A more formal evaluation of this approach
is warranted.
ª 2013 Elsevier Ltd. All rights reserved.Introduction
It is well established that pulmonary rehabilitation (PR)
results in short-term improvements in dyspnea, exercise
capacity and health-related quality of life among in-
dividuals with chronic obstructive pulmonary disease
(COPD).1,2 However, these benefits diminish over time such
that outcomes often return to pre-intervention levels
within 12 months of program completion.3,4 Non-adherence
to the maintenance home exercise program is one of the
key factors associated with this decline in outcomes.3,5
Therefore, there is growing interest in approaches that
might promote long-term exercise adherence and preserve
the benefits gained from the initial PR program.
Current models of PR are predominantly hospital-based
and therefore limited by funding and time constraints.
While patients are encouraged to adhere to their home
exercise program upon discharge, many have difficulty with
the transition from institutionally-based rehabilitation to
the community. Furthermore, patients who develop acute
exacerbations struggle to return to their previous level of
exercise without professional guidance.5
Preliminary evidence suggests that community-based
delivery models for maintenance exercise can be effec-
tive in promoting long-term exercise adherence in in-
dividuals with chronic lung disease.6,7 However, the
programs evaluated to date have involved frequent super-
vision by healthcare professionals, which may not be
feasible or cost-effective.
In this study, we describe a model of integrated care
from institution into the community for individuals with
moderate to severe COPD. After completion of hospital-
based PR, a case manager assisted patients with the tran-
sition to a community setting in which a 1-year minimally
supervised maintenance exercise program was provided by
trained fitness consultants.
The objectives of this study were to: 1) determine the
feasibility of a post-rehabilitation community-based main-
tenance exercise program for individuals with COPD and 2)
describe the within-subject effects of the program on
maintenance of exercise tolerance, health-related quality
of life, physical function and physical activity 6-months and
1-year following PR.
Methods
This was a single-arm longitudinal study. Patients with
COPD were considered eligible for the study if they were: 1)
clinically stable for 6 weeks (as determined by their
attending respiratory physician); 2) able to successfully
complete institutionally-based PR; and 3) willing to
participate in the maintenance intervention. Patients livingtoo far from the community site (distance  100 km) were
excluded. The study protocol was approved by the local
Research Ethics Board.
Hospital-based PR
Patients completed either a 6-week inpatient PR program
or a 12-week outpatient program at our centre. The con-
tent of the PR programs were consistent with international
guidelines for PR2 and have been described previously.8,9
Community-based maintenance program
The community-based maintenance exercise program was
developed in partnership with the City of Toronto, Parks,
Forestry and Recreation division, a municipal level not-for-
profit governmental organization, and offered at a single
community recreation centre. Educational materials and a
training workshop regarding issues pertinent to supervising
patients with COPD during exercise were provided, by a
physiotherapist experienced in PR at the central hospital
site, to six fitness consultants from the participating com-
munity centre prior to launching the program.
Upon completion of hospital-based PR, eligible patients
were approached by a case manager (MB), who was a
registered physiotherapist, and invited to join the 1-year
maintenance intervention. After obtaining written
informed consent, the case manager scheduled the first
session at the community centre with the participant and
the fitness consultant. The case manager attended this first
exercise session in order to 1) introduce the participant to
the fitness centre staff; 2) liaise with the fitness consultant
and highlight any specific needs or concerns; 3) provide
support and encouragement to the participant and 4)
problem-solve any equipment or logistic issues. Thereafter,
participants were encouraged to attend the centre twice
weekly for 1 h at their convenience, to perform their ex-
ercise program. In keeping with the policies of the com-
munity facility, a fitness consultant was always available to
assist participants with exercise progression, but provided
minimal formal supervision unless specifically requested.
The fitness consultant, in collaboration with the case
manager, established the initial frequency, intensity and
training modalities for the community exercise program,
customized for each participant’s needs. Although the
exact content of each exercise program varied, they all
included a component of aerobic exercise such as walking
or cycling, upper- and lower-extremity resistance exercise,
and a warm-up and cool-down. Table 1 provides an example
of a typical program.
The case manager remained available to participants
and fitness staff via telephone or email to address any
Table 1 Components of a typical exercise program at the community centre.
Type Approximate duration Potential activities
Warm-up 10 min Stretches for all major muscle groups; marching on the spot to increase
heart rate.
Aerobic training 20e30 min Walking along a designated track with rests as needed, cycling or treadmill.
Resistance training 20 min Free weights and ‘wall climbing’ for upper extremity; mini-squats, step-ups,
and resistance bands for lower extremity; optional exercises for upper and
lower extremity using gym equipment (e.g., chest press, leg extension/curls,
leg press)
Cool-down 10 min Stretches for all major muscle groups; slow walking to decrease heart rate
1212 M.K. Beauchamp et al.concerns regarding the maintenance program. Participants
attending the exercise sessions were asked to contact the
case manager by telephone after any absence in excess of
two weeks, in order for them to receive support when
resuming regular exercise. If requested, the case manager
met the patient at the community centre to assist with
modification of the exercise program after an absence. The
case manager was not involved with any other issues of
disease management.
Outcomes and follow-up
The two primary outcomes, exercise tolerance and health-
related quality of life were assessed at baseline (pre-PR),
post-PR, and at 6- and 12-months follow-up. Physical ac-
tivity was assessed at baseline and at 6- and 12-months.
Functional strength and self-reported functional capacity
were assessed post-PR and at 6- and 12-months follow-up.
All outcomes were assessed by the case manager (MB), with
the exception of the chair-stand test, which was assessed
by a fitness consultant (SF) at the community centre.
Six-minute walk test (6MWT)
The 6MWT is a self-paced test that quantifies functional
exercise capacity in terms of the distance walked in six
minutes.10 The test was conducted over a 30 m level
straight course within an enclosed corridor, using the pro-
tocol described by the American Thoracic Society10; two
tests were performed, with the greatest distance recorded.
Chronic Respiratory Disease Questionnaire (CRQ)
Health-related quality of life was measured using specific
domains of the standardized version of the CRQ.11 The CRQ
is a disease-specific instrument evaluating four domains
that are considered important to individuals with chronic
airflow limitation.12,13 Patients are required to quantify
events and/or experiences that have taken place over the
2-week period preceding the administration of the
questionnaire.
Physical Activity Scale for the Elderly (PASE)
Physical activity was estimated using the Physical Activity
Scale for the Elderly (PASE),14 a valid 12-item self-
administered questionnaire of physical activity (0e400)
that correlates with activity levels measured by acceler-
ometers.15,16 The PASE has also recently been validated in
patients with COPD.17Chair-stand test
The repeated chair-stand test (number of sit to stands the
patient can complete in a 30 s time period) was used as a
measure of functional lower body strength. The reliability
and validity of this measure has been previously evaluated
in community-dwelling older adults18 and in people with
COPD19 and it has been shown to be correlated to maximal
voluntary force from a seated leg press.18,19
Duke Activity Status Index (DASI)
The DASI is a brief self-administered 12-item questionnaire
that measures a patient’s functional capacity.20 To score
the results, responses are multiplied according to a pre-
determined weight and the corresponding values are
totaled. The questionnaire includes activities representa-
tive of personal care, ambulation, household tasks, sexual
function and recreational activities. The DASI has high cri-
terion validity for predicting functional outcomes in pa-
tients with moderate to severe COPD.21
Feasibility measures
Feasibility was primarily assessed by adherence to exercise
sessions (i.e., number of sessions attended by patients as
indicated on their program cards from the centre). We also
collected data pertaining to: (i) the proportion of patients
who agreed to enroll in the community-based program; (ii)
the number of participants that dropped out of the program
and reasons for dropping out; (iii) a list of adverse effects
encountered such as musculoskeletal injuries; and (iv) the
total number of contact hours with the case manager and
cost per participant.
Explanatory measures
Data pertaining to exacerbations and hospitalizations were
collected using a standardized interviewer-administered
questionnaire.
Statistical analysis
It was determined that a sample size of 28 patients was
required to yield 80% power (alpha Z 0.05) to detect a
clinically important difference of 54 m22 in the 6MWT using
a standard deviation of 99 m.8 Descriptive statistics were
used to describe the sample population and to report the
feasibility of the program. One-way repeated measures
analysis of variance (ANOVA) was used to test for differ-
ences in 6MWT, CRQ, PASE, chair-stand and DASI over time.
Table 2 Participant characteristics at baseline (n Z 29).
Variable Result
Men/women (n) 10/19
Supplemental oxygen (n, %) 9, 31%
Age (yrs) 66.8  7.8
FEV1 (L) 1.1  0.5
FEV1 (% predicted) 45.1  18.8
FVC (L) 2.5  0.7
FVC (% predicted) 77.0  17.0
DLCO (ml/min/mmHg) 10.7  5.3
DLCO (% predicted) 55.0  27.4
MRC dyspnea scale 3.4  1
Body mass index (kg/m2) 27.1  8.9
NOTE. Values are mean  SD, unless otherwise indicated.
Abbreviations: FEV1, forced expiratory volume in one second;
FVC, forced vital capacity; DLCO, carbon monoxide diffusing
capacity; MRC, Medical Research Council.
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used to compare all pairs of levels of the independent
variable. Data were analyzed using the Statistical Package
for the Social Sciences (SPSS) version 20 software (SPSS,
Chicago, IL, USA). A probability (P) value <0.05 was
deemed significant.
Results
Participants
During a 2-year period (September 2009eSeptember 2011)
293 patients enrolled in PR at our centre were screened for
study eligibility (Fig. 1). Of these, 200 (68%) did not meet
inclusion criteria based on distance from the community
centre (n Z 90), diagnosis (n Z 66) or medical instability
(n Z 44). Therefore, a total of 93 patients were
approached for inclusion of whom 29 (31%) consented to
enroll in the study. The most common reasons for declining
were transportation problems (n Z 29), plans to join other
programs or activities (n Z 12), lack of interest or
perceived benefit (n Z 12) and concerns over medical is-
sues (n Z 11). Of the 29 patients enrolled, 6 withdrew or
were lost-follow-up, leaving 23 who completed the study.
Demographic characteristics of the 29 participants who
entered the study are shown in Table 2. On average, par-
ticipants were older adults (mean age 66.8 yrs) and had
moderate to severe COPD (FEV1 45.1  18.8%predicted).
Seventeen patients were enrolled after outpatient PR and
12 after an inpatient program; baseline characteristics and
response to PR did not differ based on location. During the
1-year program, 15 (65%) participants reported one or more
exacerbations; the median exacerbation rate was 1.0 per
patient per year. Of those who experienced an exacerba-
tion, 9 (60%) reported frequent exacerbations. Five par-
ticipants reported one more hospitalizations over the year.Figure 1 Participant flow throughout the study.Primary outcomes
There was a significant effect for time for the 6MWT and
all the CRQ domains with the exception of CRQ emotion
(Table 3). Post-hoc analysis revealed that PR resulted in
significant improvements in the 6MWT, CRQ total, CRQ
dyspnea and CRQ fatigue scores with the improvement from
pre-PR maintained at 6- and 12-months for the 6MWT, CRQ
total and CRQ dyspnea scores. The improvement in CRQ
fatigue was maintained from pre-PR to 6-months
(p Z 0.017) but not at 12-months (p Z 0.061). The CRQ
mastery domain showed an improvement from pre-PR to
6-months but not subsequently. Of note, the 6MWT distance
was significantly greater at 12-months follow-up compared
with post-PR (p Z 0.018).
Secondary outcomes
There was a significant time effect for the chair-stand test
(p < 0.001) (Table 3). Post-hoc analysis showed that the
number of chair-stands at 6- and 12-months was signifi-
cantly greater than post-PR (p < 0.001). Similarly, there
was a significant time effect for the DASI (p < 0.001) with
post-hoc analysis showing an improvement in score from
post-PR to 12-months (p Z 0.001) but not at 6-months.
Physical activity, as measured by the PASE, significantly
differed with time (p Z 0.001). Post-hoc analysis revealed
that scores for the PASE at 6- and 12-months were signifi-
cantly greater than scores pre-PR (p Z 0.006 and
p Z 0.032, respectively).
Exercise adherence and adverse events
The mean compliance rate to twice weekly exercise over a
1-year period was 70%. No adverse events were reported.
Contact with the case manager and cost
Throughout the 3-year study, participant contact with
the case manager via the telephone hotline totaled 138 h.
Table 3 Outcomes at baseline, post-pulmonary rehabilitation, 6- and 12-months.
Outcome Pre-PR Post-PR 6 months 12 months P-value (time)
6MWT 385.5  82.6 419.6  91.8a 441.7  97.2b 454.6  90.37c,e < 0.001
CRQ total 4.4  1.2 5.4  0.9a 5.2  1.1b 5.1  1.0c < 0.001
CRQ dyspnea 3.9  1.5 5.3  1.1a 5.3  1.4b 5.3  1.1c < 0.001
CRQ fatigue 4.0  1.3 5.1  0.9a 4.8  1.4b 4.8  1.0 0.001
CRQ emotion 4.7  1.3 5.5  1.3 5.1  1.1 5.1  1.3 0.053
CRQ mastery 5.1  1.3 5.8  1.3 5.7  1.3b 5.4  1.3 0.049
PASE 74.0  39.6 e 132.8  74.3b 115.4  59.1c 0.001
DASI e 29.2  11.7 35.3  15.0 36.8  14.3e <0.001
Chair-stand e 9.1  3.4 11.7  3.7d 12.3  3.9e <0.001
NOTE. Values are mean  SD, unless otherwise indicated. Abbreviations: 6MWT, six-minute walk test; CRQ, Chronic Respiratory Disease
Questionnaire; PASE, Physical Activity Scale for the Elderly; DASI, Duke Activity Status Index.
a Mean difference pre- to post-PR is significant at p < 0.05.
b Mean difference pre-PR to 6 months is significant at p < 0.05.
c Mean difference pre-PR to 12 months is significant at p < 0.05.
d Mean difference post-PR to 6 months is significant at p < 0.05.
e Mean difference post-PR to 12 months is significant at p < 0.05.
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(58 h for 29 participants), the case manager attended 30
exercise sessions with 15 participants in order to provide
guidance in return to exercise after illness; these sessions
totaled 43.5 h. Therefore, on average, the time allotment
of the case manager per patient over 1-year was 6.9 h.
Given the yearly membership fee at the community centre
($250) and hourly rate of the case manager ($40/hr), the
direct cost per patient for 1-year was $526. In addition, the
cost of educational materials and provision of the training
workshop for 6 fitness consultants from the community
centre was $1152, bringing the total estimated cost per
patient to $566 for 1-year.Discussion
In this study, we have described a novel approach to long-
term respiratory care for individuals with moderate to se-
vere COPD. After completion of institutionally-based PR,
participants were transitioned from a hospital-based pro-
gram to a fully integrated minimally supervised community-
based maintenance exercise program. Our results demon-
strate the feasibility and safety of the maintenance pro-
gram as well as provide promising support for its
effectiveness in sustaining improvements in exercise ca-
pacity and health-related quality of life up to 1-year
following PR.
To our knowledge, only three prior studies have evalu-
ated community-based exercise programs for maintaining
benefits after PR.6,7,23 However, all three excluded patients
receiving supplemental oxygen and consisted of higher-
functioning patients (greater exercise tolerance) than the
current study. In addition, the exercise interventions in two
of the studies were directly supervised by a health care
professional.6,8 In the current study, we included partici-
pants with moderate to severe COPD, almost a third of
whom used supplemental oxygen, and the exercise program
was minimally supervised by fitness staff at a local com-
munity centre. Our observations extend previous findingsdemonstrating the potential of community-based exercise
programs for sustaining long-term benefits after PR. In
addition to the maintenance of improvements in exercise
capacity and health-related quality of life at 6-months and
1-year, we observed further improvement in 6MWT distance
1-year after PR. This further increase of 35 m from post-PR
to the end of the maintenance program at 12-months is
consistent with more recent estimates of the minimal
clinically important change for the 6MWT.24e26 Of note, the
overall improvement in 6MWT (pre-PR to 12-months) was
69 m.
In a recent meta-analysis, supervised post-rehabilitation
exercise programs were shown to be no more effective than
usual care for preserving exercise tolerance or health-
related quality of life 1-year after PR.27 These findings
support the need for the development of new approaches
to maintenance in COPD. Common features of the few
successful maintenance exercise interventions included
frequent exercise sessions28 and additional support pro-
vided through contact with a health care professional.27,29
Our model includes both these features but offers a
method to deliver the maintenance exercise program at
modest cost using existing community resources rather than
hospital-based services. Prior work has also highlighted the
difficulty in sustaining complex behavioral change in
COPD.30,31 The self-reported improvements in physical ac-
tivity and physical function 6e12 months after PR may
reflect the importance of the case manager for promoting
maintenance of the positive self-management behaviours
learned during the initial PR program.
Adherence to the community exercise program was
relatively high with participants attending 70% of the
possible sessions over 1-year. The review of post-
rehabilitation exercise programs reported a mean compli-
ance rate of 60% from seven trials, with exacerbations cited
as one of the main contributors to problems with adher-
ence.27 In our study, the high compliance rate was achieved
despite the median exacerbation frequency of 1 per patient
per year. Therefore, the role of the case manager in
providing support for resuming exercise after exacerbations
A novel approach to long-term respiratory care 1215was likely an important aspect of our program. However,
the absence of a control group and the fact that our par-
ticipants were likely highly motivated (only 31% of eligible
patients consented), makes direct comparison with previ-
ous work difficult. Nevertheless, our results demonstrate
that a minimally supervised community-based exercise
program is feasible for individuals with moderate to severe
COPD who experience frequent exacerbations.
While our findings are encouraging, this study has
several limitations. Inclusion of a control usual care group
would better define and strengthen the clinical message
regarding the efficacy of the program. Although it is not
possible to be certain that enrollment from inpatient and
outpatient PR programs was a confounding variable, the
literature would suggest that program location is not a
determinant of outcome,1,32 and the response to PR was
similar. Outcome assessment was not blinded, and although
encouragement was standardized, the participants may
have been highly motivated to perform in front of the case
manager. In addition, just over a third of patients con-
sented to participate in the maintenance program citing
transportation problems as a key barrier to participation.
Establishing linkages with multiple community sites, over a
larger geographical area may help lessen this barrier in
future studies. To increase the generalizability of our
findings and to better define the impact and cost effec-
tiveness of the community maintenance program a larger,
multicentre, randomized controlled trial is warranted.
In conclusion, our results demonstrate that the benefits
of PR can be maintained in the community, rather than a
healthcare setting, with minimal supervision from a trained
fitness instructor for patients with moderate to severe
COPD. Our findings also suggest that exercise tolerance can
be further improved over the subsequent year. A formal
evaluation of this approach with economic analysis is
needed to demonstrate its effectiveness compared to
standard care prior to broader implementation.Funding
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